The use of imaging modalities and minimally invasive surgery plays an important role in the current management of adrenal tumors. Ultrasonography frequently allows for the incidental diagnosis of adrenal masses. The most frequent adrenal pathologies encountered are hypercortisolism (Cushing's syndrome), primary hyperaldosteronism (Conn's syndrome), and pheochromocytomas. Clinical presentation of these adrenal tumors can often be non-specific, or such lesions may present as "incidentalomas" in patients who undergo imaging for clinical reasons unrelated to the adrenal glands. Adrenal malignancy is suggested by morphologic characteristics found on imaging studies: increased size, irregular borders, local invasion, and large necrotic areas. The risk of malignancy increases for larger adrenal masses. Minimally invasive surgery has become the initial choice for the treatment of adrenal tumors with retroperitoneal and transperitoneal approaches. This chapter describes the surgical indications and compares the various minimally invasive surgical approaches for the therapeutic management of adrenal masses.
Introduction
Two main factors that have advanced the clinical management of adrenal tumors in the past 20 years include the technologic progress and widespread use of imaging studies such as ultrasonography (US), computed tomography (CT), magnetic resonance imaging (MRI), and the advent and implementation of minimally invasive surgery. In many parts of the world, US frequently allows for the incidental diagnosis of adrenal tumors. The prevalence of adrenal "incidentalomas" in autopsy series reaches 8%, whereas in imaging studies, incidentalomas occur in 4% of patients. The prevalence of adrenal incidentalomas may increase because of the improvement and widespread use of abdominal imaging [1, 2] . Minimally invasive adrenalectomy has become the initial treatment of benign adrenal tumors with transperitoneal and retroperitoneal approaches. This chapter evaluates the surgical indications and compares the various minimally invasive approaches and outcomes in the surgical management of adrenal masses.
Adrenal pathology
The adrenal gland encompasses two distinct tissue zones with different functional activities.
The adrenal medulla, derived from neuroectodermal cells, produces catecholamines, such as epinephrine and metanephrine. The adrenal cortex, derived from mesenchymal cells, is formed by three concentric zones: the granulosa that secretes aldosterone, the fasciculata that secretes cortisol, and the inner reticularis that secretes androgens. The most frequent clinical presentations of adrenal disease are related to the hypersecretion of these adrenal hormones.
Hypercortisolism
High levels of plasma glucocorticoids or hypercortisolism result in the classic symptoms and clinical features associated with Cushing's syndrome [3] . Clinical features suggestive of hypercortisolism include central obesity, proximal myopathy, spontaneous bruising, facial plethora, wide purplish striae (>1 cm), hypokalemia, and osteoporosis. Clinical presentation of hypercortisolism can be assessed in patients by following changes in appearance from serial photographs. Cushing's syndrome may be differentiated from ACTH-dependent (e.g., pituitary adenoma, ectopic ACTH secretion), and ACTH-independent (e.g., adrenal adenoma, adrenal carcinoma, adrenal hyperplasia). ACTH-independent Cushing's syndrome due to adrenal adenoma or carcinoma can be surgically treated with adrenalectomy.
upright posture test, and an adrenal mass (>1 cm) on CT. In idiopathic hyperaldosteronism, hypertension is less severe and hypokalemia less frequent. The increase of serum aldosterone level reaches >30% with upright posture test, and CT usually shows bilateral thickening of adrenal glands. For unilateral aldosterone-producing adenomas (localized lesions by imaging), surgical resection should be performed, whereas medical treatment using eplerenone (steroid-based anti-mineralocorticoid), spironolactone, and triamterene should be reserved for patients with idiopathic hyperaldosteronism.
Pheochromocytoma
Pheochromocytomas are chromaffin cell tumors, and their clinical presentation is associated with excess catecholamine production. Such adrenal tumors are usually sporadic and benign. Paragangliomas or extra-adrenal pheochromocytomas are usually located (75%) in para-aortic areas (e.g., organ of Zuckerkandl) or less frequently within the bladder, thorax, or neck. The majority of pheochromocytomas are unilateral, whereas bilateral lesions occur in 5-10% of cases and frequently as part of a familial syndrome. Pheochromocytomas can be associated with MEN2A and MEN2B syndromes, von Recklinghausen's disease, and tuberous sclerosis. Pheochromocytomas are malignant in 10% of cases with higher prevalence in ectopic locations. For malignancy, there are no clinical, laboratory, or imaging criteria. Only larger adrenal size (generally >4-5 cm) is useful to predict malignancy. Diagnostic certainty of malignant lesions is based on the presence of metastasis, not histologic features of the tumor. Clinical presentation of pheochromocytomas can encompass paroxysmal (48%), and persistent hypertension (29%) in patients. Only 10% of patients present with normotensive blood pressure. Other clinical manifestations include headaches, palpitations, diaphoresis, orthostatic hypotension, weight loss, dyspnea, polyuria, and polydipsia [5] .
Plasma-free metanephrines that include total-free normetanephrines and metanephrines have 99 and 97% sensitivity, respectively. If plasma metanephrine levels are more than three or four times the upper limit of normal, specificity reaches 100% for pheochromocytomas. CT and MRI studies can detect pheochromocytomas that are ≥2 cm, and those cystic lesions with areas of necrosis. If CT or MRI does not localize the adrenal tumor, functional imaging with meta-iodobenzylguanidine (MIBG) can be useful.
Minimally invasive adrenalectomy (e.g., laparoscopic transperitoneal approach) is the initial surgical treatment of choice for benign pheochromocytomas. Adequate medical preparation before surgical resection is essential for operative success.
Incidentalomas
Adrenal incidentalomas are usually benign adrenal masses (≥1 cm) discovered "incidentally" on imaging studies conducted for other reasons not related to the adrenal glands. Current widespread use of imaging studies has led to increased discovery of incidental adrenal tumors in patients. Prevalence of incidentalomas reaches 8% in autopsy series and 4-6% in imaging studies [1, 2] . The definition of adrenal incidentaloma should be excluded in patients with known malignant disease and in patients with clinical evidence of adrenal disease. The initial evaluation of adrenal incidentalomas should define benignity or malignancy, and underlying hormonal hyperactivity. Adrenal incidentalomas are hormonally hyperactive in 35% of cases. All patients with an incidental adrenal tumor should undergo hormonal evaluation for hypercortisolism, primary hyperaldosteronism, and pheochromocytoma. Other functional evaluation (e.g., androgen hypersecretion) can also be determined by clinical manifestation. Surgical indication for non-functional adrenal incidentalomas is principally guided by tumor size. Surgical excision is recommended for adrenal tumors >4 cm since most of the adrenocortical carcinomas (ACC) are usually large [6] .
Adrenal malignancy
Primary adrenal malignancies are rare and encompass adrenocortical carcinoma (ACC) and malignant pheochromocytoma. ACC comprises 0.2% of all cancers, and these tumors can secrete excess cortisol, aldosterone, and androgens [19, 20] . Pheochromocytomas can be sporadic, hereditary, or part of MEN2A or MEN2B syndrome. Furthermore, the incidence of malignant pheochromocytoma ranges from 5 to 26% [21] . The diagnosis of malignant pheochromocytoma by imaging is based on local invasion and distal metastasis; the histologic diagnosis is frequently indeterminate due to uncertain criteria.
Assessment for adrenal malignancy is based on the size on imaging studies. Larger adrenal masses are associated with increased risk for malignancy. More specifically, incidental, nonfunctioning adrenal masses that measure ≥4 cm have an increased rate of malignancy and should be surgically removed. Furthermore, some reports suggest that imaging studies can delineate malignant from benign adrenal lesions. Non-contrast CT attenuation coefficient in Hounsfield units (HU) of an adrenal mass revealing densitometry <10 HU demonstrates high fat composition and increases the likelihood of a benign adenoma. CT sensitivity and specificity are 71 and 98%, respectively. Unfortunately, several adrenal adenomas (30%) are lipidpoor, and unenhanced CT is not indicative [7, 8] .
The risk of malignancy is very high for larger adrenal tumors with a size threshold of 4 cm having a sensitivity of 96% and specificity of 52% for cancer. An adrenal tumor size threshold of 6 cm has a sensitivity of 90% and specificity of 80% for malignancy [9] . Adrenal tumor size not only suggests malignancy risk but also a criterion of reference for the choice surgical approach. Adrenal malignancy is also suggested by morphologic characteristics by imaging studies including irregular border, local invasion, large necrotic areas and infiltration of the tumor into the periadrenal fat [9] . Other malignant adrenal lesions are metastases from lung, breast, and other non-adrenal cancers. Removal of such adrenal masses does not commonly occur as the only site of metastatic disease [10, 11] .
Fine-needle aspiration of adrenal masses is not an initial diagnostic test. It is primarily useful in cases of suspected metastatic lesions. Most adrenal lesions, within the realm of surgical treatment, are unilateral benign tumors including pheochromocytomas, adrenocortical adenomas, and adrenal incidentalomas. Other less common surgical indications include adrenal cysts, ganglioneuromas, myelolipomas, androgen-secreting tumors, and bilateral lesions such as macronodular adrenal hyperplasia.
Indication for adrenalectomy
The size threshold of benign and functional adrenal tumors for laparoscopic adrenalectomy has traditionally ranged from 8 to 9 cm. Nevertheless, the size limit of adrenal masses for laparoscopic resection has incrementally increased following the improvement in surgical skills and technologies. Some limitation criteria for laparoscopic removal such as size >9 cm, and preoperative radiologic evidence of and/or intraoperative local infiltration of periadrenal tissue may be useful in patient selection.
A remaining controversial issue is the laparoscopic resection of highly suspicious or malignant adrenal masses. In the opinion of the authors, well-defined local invasiveness is essential for determining the suitability for laparoscopic adrenalectomy [12] [13] [14] [15] [16] [17] [18] Adrenal metastases may come from primary tumors of lung, breast, stomach, and kidney. Detection of metastasis has increased with the widespread use of imaging studies for cancer surveillance. If solitary metastatic lesions are limited within the capsule of the adrenal gland, adrenalectomy can be performed [22] . Laparoscopic adrenalectomy can also be performed for high-risk lesions for malignancy, but general experience is limited, and oncologic effectiveness of minimally invasive approaches remains uncertain in this setting [12, 17, 18, [23] [24] [25] [26] [27] [28] .
When malignant adrenal tumors, primary or metastatic, are removed laparoscopically, surgical oncologic principles must be followed: low likelihood for conversion, complete removal with the slightest manipulation and without fragmentation of periadrenal tissues. If required, the conversion to an open procedure must be performed very early, before the advanced dissection of the operative site and possible fragmentation of periadrenal fat or tumor capsule. Recent data from the literature confirm that laparoscopic adrenalectomy is safe and effective for malignant adrenal tumors. In some studies, outcome results with regard to peritoneal carcinomatosis, positive resection margins, and time to recurrence showed no statistically significant differences between open and laparoscopic approaches [12, [28] [29] [30] [31] [32] [33] . In other studies with regard to ACC, oncologic outcomes of laparoscopic adrenalectomy were not comparable to open adrenalectomy [17, 34, 35 ].
Minimally invasive surgery for adrenal tumors
The surgical approach to the adrenal glands has evolved considerably from the description of the first laparoscopic adrenalectomy by Gagner et al. [36] . This minimally invasive surgical approach has established itself as the "gold standard" for the surgical treatment of most adrenal lesions.
The advantages in performing laparoscopic adrenalectomy include reduced hospital stay, fewer complications, and better aesthetic results. Traditional open adrenalectomy is still reserved for malignant or larger adrenal tumors [37, 38] . Regardless of approach, the key to successful adrenalectomy remains the same: proper patient selection for surgery, solid understanding of adrenal pathophysiology, and a thorough knowledge of adrenal anatomy. Over the last two decades, many minimally invasive techniques have been introduced including the lateral transabdominal (LT), retroperitoneal (RE), anterior transabdominal (AT), hand-assisted (HA), thoracoscopic transdiaphragmatic (TT) approaches, and natural orifice transluminal endoscopic surgery (NOTES). With the advent of robotic surgery, its integration into adrenal surgery has made it feasible to offer an alternative to patients requiring surgical treatment of adrenal disorders.
The most frequently performed laparoscopic approach is LT (79%), followed by RE (32%) and AT access (14%) [39] . These different laparoscopic approaches are determined by the surgeon's skill set. Laparoscopic LT adrenalectomy is the most popular procedure as it allows for wide exposure of the retroperitoneal space and takes advantage of mobilization of organs due to gravity in both left and right lateral positions: spleen, pancreas or liver. Using laparoscopic LT access, there are no major differences between the right and left adrenalectomy except for longer operative time for left adrenal glands [40] . Open adrenalectomy consists of transabdominal or retroperitoneal approaches that can be mimicked by minimally invasive surgery for adrenal resection.
Transabdominal approach

Lateral
Under general anesthesia, the patient is positioned with left lateral side down for right adrenalectomy and the right lateral side down for left adrenalectomy. Pneumoperitoneum is induced through a Veress needle inserted in the flank or through a laparoscopic trocar (Figure 1-port B) with CO 2 pressure regulated at 12 mmHg for the whole procedure; a 0°/30° laparoscope is introduced through this port. Three other 10 mm (Figure 1 ports A-C-D) ports are inserted for the introduction of atraumatic graspers, hook, retractors, an instrument with peanut swab, and scissors.
For left adrenalectomy, the first step of intervention is dissection and mobilization of pancreaticosplenic bloc by the division of the splenorenal ligament. The lateral position of the patient allows for better mobilization of the spleen and pancreatic tail (Figure 2) . In some patients, the division of phrenocolic ligament for mobilization of the left colonic flexure is useful. This mobilization allows for the exposure of the left adrenal gland that involves dissection into the retroperitoneal fat above the left kidney. Most important is the careful dissection and ligation of the left adrenal vein, usually by clips, that runs directly into a left renal vein.
For right adrenalectomy, the retroperitoneal space can be entered with incision of posterior peritoneum along the inferior visceral surface of the liver and right triangular ligament. Upper retraction of the liver to expose the surface and superior pole of the right adrenal gland is useful. Most important is the identification and exposure of the inferior vena cava (IVC). The right adrenal gland is partially retrocaval, and a very short adrenal vein runs directly into the IVC. The right adrenal vein should be carefully identified, clipped, and divided (Figure 3) .
The right adrenal gland can be dissected free from the retroperitoneal fat, hemostasis is checked, and the adrenal bed is irrigated. The specimen is placed in a plastic bag and extracted through the anterior trocar. 
Anterior
The anterior transabdominal approach is a less preferred initial choice for laparoscopic adrenalectomy [41, 42] . Under general anesthesia, the patient is placed on the operative For right adrenalectomy, trocar position is similar to left adrenalectomy, but on the opposite side. After separation of omental adhesions, the peritoneal reflection along the lateral side of the inferior vena cava is exposed. The incision is extended transversely to the peritoneum overlying the posterior margin of the liver. This dissection permits transverse identification of the short right adrenal vein directly entering the IVC. Liver retraction allows the surgeon to gain exposure of the upper portion of the right adrenal gland. After identification and careful dissection, the right adrenal vein is ligated with titanium clips and divided. The right adrenal gland is mobilized by blunt dissection and electrocautery until completely free. The adrenal gland is then placed into a specimen retrieval bag for removal through any of the port sites [43] .
Retroperitoneal approach
Although transperitoneal techniques remain more popular and widely used, the retroperitoneal approach has several distinct advantages that make it an attractive alternative for surgical removal of adrenal tumors [41] . The retroperitoneal approach for adrenalectomy is the second most common surgical technique utilized. Some authors report the advantage of a more direct route to the adrenal gland without interference from intra-abdominal organs using the retroperitoneal approach. Furthermore, shorter operative times and hospital stay with fewer postoperative fluid collections have been reported with this technique [37, 41, [44] [45] [46] [47] [48] . The major difficulties associated with the retroperitoneal approach are restricted operative space and difficult detection of anatomical landmarks that may cause longer operative times and increased carbon dioxide absorption [44, [49] [50] [51] .
Lateral
The patient is in full flank position with the operating table flexed to open the space between the iliac crest and costal margin. The procedure starts with the open insertion of a balloon trocar in the middle axillary line 3 cm above the iliac crest. After retroperitoneal dilation using a balloon, a 10 mm trocar is inserted for a 30 degree 10 mm laparoscope, and then, carbon dioxide is insufflated to generate a pneumoretroperitoneum pressure of 15 mmHg. Three other trocars are placed above the first: along the anterior axillary line, along with the lateral border of sacrospinalis muscle, and below the costal margin always along the anterior axillary line. An optional fifth port may be necessary in order to retract the liver or in cases where the peritoneum has been lacerated.
For left adrenalectomy, dissection begins along the lateral border of psoas muscle to medial border left kidney, where the left kidney is retracted upward and anteriorly. The renal hilum is isolated to identify the left renal vein and medial border of the left adrenal gland. The left adrenal vein is located at the inferomedial left adrenal gland in conjunction with the left renal vein. After identification, the left adrenal vein is ligated between clips. The adrenal gland is mobilized and separated from the left kidney, and the superior and inferior phrenic vessels are controlled with an ultrasonic coagulation instrument or bipolar cautery. The left adrenal gland is placed into a sterile plastic bag and extracted from a primary port.
For right adrenalectomy, dissection of right adrenal gland follows the same principles described for left adrenal gland dissection. The psoas muscle is an important key anatomical landmark. After identification of right kidney and right adrenal gland, careful dissection to the IVC located at the medial part of psoas muscle is performed. The right adrenal vein is identified in conjunction to the IVC, clipped, and divided. After complete excision of the right adrenal gland, the specimen is placed into a sterile plastic bag and extracted from a primary port. The trocars are removed and port sites sutured closed.
Posterior
The patient may be placed in the prone or jack-knife position, and this is valid for both sides. Access to the retroperitoneum begins with the insertion of a balloon trocar to 2.5 cm lateral to the tip of 12th rib and insufflated [52] . Through the balloon trocar, a laparoscope is inserted to evaluate the retroperitoneal space, and the balloon trocar is then replaced with another 10 mm trocar. CO 2 is injected at 12-20 mm Hg pressure to sustain an adequate retroperitoneal space. A second trocar is inserted under the edge of the 12th rib, the 3rd at the 11th and last at the 9th and 10th ribs. An atraumatic retractor is introduced through the inferior trocar to retract the kidney downwards and fatty tissue. Mobilization of the upper renal pole will allow visualization of the adrenal gland. A retractor inserted into the medial or lateral trocar controls the upper pole of the kidney. The adrenal gland is mobilized medially and then caudally. Between the diaphragmatic branch and adrenal gland, the arteries pass posterior to the vena cava. These vessels may be ligated by electrocautery or by clips. Dissecting the right adrenal gland superiorly will expose the vena cava posteriorly and the short adrenal vein posterolateral that can be cleared by 1 cm and divided between clips. Continued lateral and cranial dissection will completely mobilize the right adrenal gland. The left adrenal vein is isolated in the area between the left adrenal gland and diaphragmatic branch, which is medial to the upper pole of the left kidney. The dissection of the adrenal gland continues medially, laterally and then cranially, and it will remain raised in relation only to the left renal vein. Delicate dissection with instruments is necessary to avoid damaging of the adrenal capsule.
Hand-assisted approach
The hand-assisted technique is a hybrid between the open and laparoscopic approach. For some, this technique is useful for large tumor removal with reduced surgical time [53] . For left adrenalectomy, the patient is placed in the supine position with legs separated, and two ports are inserted into the left subcostal region, and the camera port is inserted level with and lateral to the umbilicus. In the case of right adrenalectomy, two ports are placed in the right upper quadrant and another for the laparoscope that is introduced through umbilical access. The surgeon stands on the right side of the patient, and the camera operator assistant stands between the patient's legs and a second assistant retracts and assists with dissection via the remaining port sites. After the establishment of pneumoperitoneum, a midline incision is made for the placement of the HandPort for the left side, and for the right side, a right subcostal oblique incision. The size of the incision for the HandPort must be proportional to the surgeon's glove size. The HandPort base retractor is then inflated, and the surgeon connects the HandPort sleeve by initially placing the bracelet around his wrist. A second glove is then placed over the bracelet, and the back of the hand is lubricated with sterile gel. The operator's arm slides inside the sleeve of the hand port, the ring is fixed inside the abdominal incision and the basic retractor on the skin edge. The latter is inflated and the sleeve rewound and trapped in the basic retractor. Once the system is sealed, the pneumoperitoneum can be reestablished. At this point, the operator's hand can be inserted into the abdomen. To the right side, the approach is anterior, where the duodenum is mobilized, and the retroperitoneal fascia is dissected to the upper renal pole. By visualization and palpation, the surgeon begins gland dissection by isolating for the short right adrenal vein and dividing it between clips. The dissection can be performed with a combination of forceps diathermy, clips, and/or the harmonic scalpel. The left side is also performed through an anterior approach. After entering through the omentum and raising the stomach, a retroperitoneal incision along the lower edge of the body and tail of the pancreas is made. After dissection of retroperitoneal adhesions, the distal pancreas is lifted to show the left renal vein, left adrenal gland, and its central vein. The gland is dissected free from its surrounding structures, and the left adrenal vein is divided between clips [54] .
Thoracoscopic transdiaphragmatic approach
The first clinical thoracoscopic adrenal biopsy was described in 1993 for non-small cell lung cancer (NSCLC) metastasis to the adrenal glands. Since then, successive experiments have described left adrenalectomy in swine models. In 2001, the access technique on four human cadavers was perfected and then performed in three patients with primary adrenal tumors and later expanded to right adrenalectomy. Transdiaphragmatic adrenalectomy was accomplished in all three cases without complication. This technique was performed after double lumen endotracheal intubation without pneumoinsufflation, and the patient was placed in the prone position. A total of four ports were used in the transthoracic approaches [55] [56] [57] .
The diaphragm was incised under thoracoscope vision and then entered through the retroperitoneal space to identify the adrenal gland. The adrenal vasculature was controlled, and complete mobilization of adrenal gland was performed. The specimen was entrapped and retrieved through a thoracic port. The diaphragm was suture repaired with intracorporeal knot tying, and a chest tube was placed. Conditions that may preclude this approach include cardiopulmonary diseases and previous thoracic surgery.
Natural orifice transluminal endoscopic surgery (NOTES)
Since the first transvaginal cholecystectomy performed by Marescaux et al. 30 years ago, these procedures are performed to achieve less invasiveness during surgery [58] . Natural orifice transluminal endoscopic surgery (NOTES) is a technique that allows entry into the peritoneal cavity through transgastric or transvaginal or transcolonic access to avoid surgical scars.
Currently, NOTES has been employed on porcine and cadaveric models. Right and left adrenalectomies with a transvaginal retroperitoneal approach in a porcine model by a 1 cm posterolateral colpotomy have been performed and described [59] . The retroperitoneal tunnel is created using carbon dioxide. Dissection by movement of gastroscope up to the superior pole of kidney allows access to the adrenal gland. The vascular pedicle is identified and controlled by clips or endloop. The authors concluded that this access is also possible in human cadavers.
Zou and colleagues reportedly treated 11 consecutive women for adrenal diseases with NOTES, but with assisted-laparoscopy [60] . Under general anesthesia, patients were placed in the lithotomy position with the affected side elevated at 30°. A 5-mm trocar and a 10-mm trocar were inserted in the umbilical edge for conventional operating apparatus, and a 10-mm trocar was inserted in the posterior vaginal fornix for a conventional 30° laparoscope. Carbon dioxide pneumoperitoneum was achieved by Veress needle, and dissection was performed according to standard laparoscopic adrenalectomy with conventional operating apparatus placed in the abdomen under direct vision achieved by a conventional 30° laparoscope placed through a vaginal trocar. The dissection and mobilization of left colonic flexure for left adrenalectomy and right colonic flexure for right adrenalectomy should be performed. Similar to traditional approaches, the adrenal gland is mobilized and the vascular supply ligated. The specimen is then removed through the posterior vaginal fornix. Recent data from the literature suggest that this combined technique is feasible and effective. With ongoing development of technique and instruments, it may be an alternative technique for the treatment of some women with adrenal tumors because of its improved cosmetic results. For NOTES, further clinical studies and more practiced surgical skills are needed.
Robotic adrenalectomy
Although the benefits of laparoscopic adrenalectomy are well known, its drawbacks include the two-dimensional view, unstable camera platform, poor ergonomics, and rigid instrumentation. Subsequently, robotic technology has been recently introduced to join the armamentarium of minimally invasive adrenal surgery with capabilities of three-dimensional view, wristed instrument, and a stable camera platform [61] . Since the first fully robotic adrenalectomy in 2002, many studies have shown the safety and efficacy of robotic adrenalectomy (RA) [62, 63] . Transperitoneal and retroperitoneal RA approaches demonstrating the efficacy of both techniques have been described in several reports [64, 65] . Current drawbacks, however, associated with RA include its cost, technical difficulty, need of advanced training and a team with the technical expertise to ensure operative success [66] [67] [68] . It is still controversial as to whether the RA should be performed by the transperitoneal or retroperitoneal approach. Several surgeons prefer the retroperitoneal technique in patients with tumors < 6 cm in size [69] . Although it necessitates previous experience with the transperitoneal approach, the retroperitoneal approach is preferred in patients with abdominal scarring and adhesions. The right adrenal gland with any associated pathology is then progressively dissected off of the superior pole of the kidney and retroperitoneum in a circumferential manner with electrocautery. After checking for hemostasis by lowering the pneumoperitoneum, a laparoscopic entrapment sac is introduced by the assistant, and the specimen is placed into the sac. After undocking the robot, the bagged specimen is extracted through the accessory port.
Left robotic adrenalectomy is performed with the patient in the right lateral decubitus position. After the placement of the trocars in a conventional way according to the transabdominal lateral approach, the splenorenal ligament is transected. Mobilization of the spleen and pancreatic tail, made easier by gravity, allows for dissection of the left adrenal gland in the retroperitoneal fat, and identification and hemostasis of the left adrenal vein. The subsequent phases of circumferential dissection of the left adrenal gland, specimen retrieval with the closing of port-sites are identical to that described for right robotic adrenalectomy.
Comparison between laparoscopic and robotic adrenalectomy outcomes is similar including operative time, postoperative complications, hospital stay, and conversion rate [70] . In the future, RA will likely assume an increased role in the management of surgical disease.
Research teams are dedicated to the development of robotic systems with greater intelligence and instruments with expanded capabilities, and it is essential that surgeons continue to evaluate these new technologies.
Authors' institutional experience
The surgical experience from the authors' institution that examines the outcomes of laparoscopic transperitoneal adrenalectomy is presented. Laparoscopic adrenalectomy has become the procedure of choice for most adrenal pathologies with multiple studies demonstrating significant benefits of this minimally invasive surgical approach compared to open adrenalectomy in terms of reduced operative morbidity, blood loss, analgesic requirements, shorter hospital stay, and earlier return to normal activity. All patients underwent preoperative biochemical testing and CT and MRI imaging studies. MIBG was used in selected patients. Indications for surgical treatment included: hyperactive adrenal tumors in patients with Conn's syndrome, Cushing's syndrome (Figure 4) , and pheochromocytoma; and in those patients with non-hyperfunctional adrenal lesions such as cortical adenomas (Figure 5) , myelolipomas, oncocytomas, and incidentalomas (Figure 6) .
The operative outcomes for laparasopic adrenalectomy at the authors' institution ( Table 3) reveal very low conversion, perioperative, and postoperative complication rates. Operative time and blood loss were comparable to results reported in the literature. 
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Choice of the procedure is strongly influenced by the background training of the surgeon.
The transperitoneal access allows for complete dissection and control of the adrenal mass and its vascular supply. Most important is the careful dissection of the right adrenal gland that is partially retrocaval with a short adrenal vein that flows directly into the inferior vena cava posterolaterally. Surgical dissection on right side involves close proximity of the liver, duodenum, and right kidney.
Anatomic structures around the left adrenal gland can make dissection difficult. The left adrenal gland is in close proximity with the tail of the pancreas and spleen; the splenopancreatic complex should be widely mobilized and, in some cases, mobilization of the splenic flexure of the colon may be required for adequate exposure of the left adrenal gland. In contrast to the right, along left adrenal vein usually flows into the left renal vein. Some variations of this venous supply can occur (5-6% of cases) and can predispose to intraoperative bleeding [71] .
The authors customarily place a drain at the end of their procedure.
For large adrenal tumors, lateral, superior, and inferior dissection of the mass is initially performed because earlier mobilization of the gland can allow easier access to the adrenal vein. More recent surgical devices for dissection and hemostasis have been useful in reducing operative time, but are not essential in the performance of successful adrenalectomy. At their institution, the authors routinely use a monobipolar scalpel and mechanical clips for hemostasis during adrenalectomies that have provided satisfactory results.
Conclusion
Minimally invasive adrenalectomy is the preferred surgical treatment of adrenal tumors at many specialized medical centers worldwide. The laparoscopic transabdominal lateral operative technique is most commonly performed. The choice of laparoscopic transabdominal or retroperitoneal adrenalectomy is strongly influenced by background training, skill, and experience of the surgeon. Two issues that constantly evolve with minimally invasive adrenalectomy are a size limit of adrenal mass and appropriateness for malignant adrenal tumors. Some relative limits to laparoscopic adrenalectomy are adrenal tumors >9 cm. Contraindication to minimally invasive adrenalectomy is determined by local neoplastic invasiveness outside the adrenal gland capsule into the periadrenal fat usually delineated by preoperative CT and MRI imaging studies.
